Current theories on the role of serotonin (5-HT) in vertebrate defensive behavior suggest that this 46 monoamine increases anxiety but decreases fear, by acting at different levels of the neuroaxis. This 47 paradoxical, dual role of 5-HT suggests that a serotonergic tone inhibits fear responses, while an 48 acute increase in 5-HT would produce anxiety-like behavior. However, so far no evidence for a 49 serotonergic tone has been found. Using zebrafish alarm responses, we investigate the participation 50 of phasic and tonic 5-HT levels in fear-like behavior, as well as in behavior after stimulation. 51
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Introduction
62
The neurocircuitry of defensive reactions involves regulation by a plethora of 63 neuromodulators, including monoamines and peptides (Maximino 2012) . In vertebrates, the 64 monoamine serotonin (5-HT) is produced in specific brain nuclei, including the raphe, and is 65 thought to inhibit fear/escape responses to proximate threat by acting on more caudal structures of 66 the aversive brain system (Paul et al. 2014 ; Deakin and Graeff 1991; Maximino 2012 ). This 67 response appears to be dependent on the specific brain region in which serotonin acts, as well as on 68 the receptor that is activated. For example, in the rodent periaqueductal gray, the activation of 5-69 HT 1A and 5-HT 2 -type receptors inhibit fear responses, while in amygdaloid nuclei the activation of 70 5-HT 2 -and 5-HT 3 -type receptors increase anxiety-like responses (Guimarães et al. 2008; Paul et al. 71 2014; Hale and Lowry 2011). There is also evidence for a serotonergic "tone" inhibiting anxiety, 72 since antagonists usually inhibit anxiety-like responses in animal models; however, antagonists do 73 not appear to modify fear-like responses, suggesting that phasic, not tonic, serotonin is involved in 74 fear. For example, 5-HT levels do not change in the basolateral amygdala or in the dorsal 75 periaqueductal gray during chemical stimulation of this latter structure in rats (Zanoveli et al. 2009 ), 76 a manipulation that induces panic-like responses (Brandão et al. 2008 ). This suggests that the 77 inhibitory role of serotonin in fear functions as a "switching" signal: as the threatening stimulus 78 ceases, serotonin is released, inhibiting the fear reactions that are now non-adaptive, and initiating 79 careful exploration and risk assessment responses to ensure that the threat is actually over. 80
In non-mammalian vertebrates, including teleost fish, 5-HT is produced in additional brain 81 regions, including pretectal and hypothalamic populations ). There 82 is some evidence that 5-HTergic neurons innervate areas of the teleostean brain which participate in 83 defensive behavior, including prosencephalic and mesencephalic regions (do Carmo Silva et al. 84 2018a). A role for 5-HT in modulating fish defensive behavior has been demonstrated before: in 85 zebrafish, 5-HT 1A and 5-HT 1B receptor antagonists decrease anxiety-like behavior (Maximino et al. 86 5/33 type antagonists increase it (Nowicki et al. 2014) . Little is known, however, of the modulation of 88 fear-like responses. Microinjection of the serotonergic neurotoxin 5,7-dihydroxytryptamine (5,7-89 DHT) in the telencephalon of zebrafish, destroying most serotonergic innervation in regions 90 associated with aversive learning, impairs the acquisition of active avoidance (Amo et al. 2014) , 91 suggesting that serotonin encodes an aversive expectation value. 92
In zebrafish and other Actinopterygian fish, specialized club cells in the skin produce a 93 substance (conspecific alarm substance, CAS) that, when the skin is damaged, is dispersed in the 94 water, signaling to conspecifics a potential threat (von Frisch 1941; Hüttel 1941; von Frisch 1938;  Mathuru 2008). 100
The serotonergic system has also been implicated in some of these behavioral functions. 101 CAS increases extracellular serotonin levels ) and inhibits monoamine 102 oxidase activity (Quadros et al. 2018) in the zebrafish brain after exposure. Zebrafish exposed to 103 CAS show increased anxiety-like behavior in the light/dark test after exposure (i.e., when the 104 substance is no longer present), an effect that is blocked by fluoxetine but not by the 5-HT 1A 105 receptor antagonist WAY 100,635 . Interestingly, WAY 100,635 blocked the 106 analgesic effects of CAS in zebrafish ), suggesting that this receptor 107 participates in some, but not all, neurobehavioral responses to threatening stimuli. While WAY 108 100,635 was not able to alter anxiety-like behavior after exposure, the drug blocked the increased 109 geotaxis during CAS exposure, both in the first minutes of exposure and in the last minutes (Nathan 110 et al. 2015) . Blocking 5-HT 2 -type receptors with methysergide did not affect these responses, 111 except at a sedative dose (Nathan et al. 2015) . These results are difficult to interpret, but suggest 112 6/33 that CAS increases serotonergic activity after exposure, and that a serotonergic tone on the 5-HT 1A 113 receptor is involved in behavioral switching after exposure -that is, when the threat is no longer 114 present, and risk assessment begins; whether this is true for behavioral responses during exposure -115 that is, when the threat is present -is unknown. 116
The present paper investigated whether phasic and tonic serotonin participates in the alarm 117 response in zebrafish during and after exposure. Our results reinforce the idea that behavior during 118 CAS exposure is qualitatively different from behavior after CAS exposure. We also show that 119 behavior in both contexts are differentially sensitive to clonazepam, a high potency benzodizepine 120 commonly used in the clinical management of panic disorder (Caldirola et al. 2016) . Increasing 121 serotonin levels by treating zebrafish with acute fluoxetine blocked the effects of CAS during and 122 after exposure, but blocking serotonin receptors with metergoline, or blocking serotonin synthesis 123 with pCPA, produced an effect only after exposure. Finally, we show that CAS inhibited 124 monoamine oxidase activity in the brain. Results are discussed in terms of the putative role of 125 serotonin in an homeostatic "neurobehavioral switch" in the absence of threat after predatory risk. to better represent the natural populations in the wild. Animals were bought from a commercial 135 vendor (Fernando Peixes, Belém/PA) and arrived in the laboratory with an approximate age of 3 136 months (standard length = 13.2 ± 1.4 mm), and were quarantined for two weeks; the experiment 137 7/33 began when animals had an approximate age of 4 months (standard length = 23.0 ± 3.2 mm). 138 Animals were kept in mixed-sex tanks during acclimation, with an approximate ratio of 50-50 139 males to females (confirmed by body morphology). The breeder was licensed for aquaculture under 140
Ibama's (Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis) Resolution 141 95/1993. Animals were group-housed in 40 L tanks, with a maximum density of 25 fish per tank, 142 for at least 2 weeks before experiments begun. Tanks were filled with non-chlorinated water at 143 room temperature (28 °C) and a pH of 7.0-8.0. Lighting was provided by fluorescent lamps in a 144 cycle of 14-10 hours (LD), according to standards of care for zebrafish (Lawrence, 2007 
Alarm substance extraction
154
CAS was extracted at a ratio of 1 donor fish for 10 ml distilled water. A detailed protocol for 155 extraction can be found at protocols.io (Silva, Rocha, Lima- Maximino, & Maximino, 2018; 156 https://dx.doi.org/10.17504/protocols.io.tr3em8n). Briefly, a donor fish was cold-anesthetized and 157 euthanized, and 15 shallow cuts were made on the side of its trunk to lesion club cells. The cuts 158 were washed with 10 mL distilled water, and 7 mL of the eluate was reserved as 1 unit CAS. After the onset of drug effects (see details below for each drug), animals were individually 162 transferred to a 1.5 L tank (12 cm X 12 cm x C cm, w X l X h), filled with system water, and left to 163 acclimate for 3 min. Filming was started, and animals were exposed to either 7 mL distilled water 164 (CTRL groups) or 7 mL (1 unit) alarm substance (CAS groups). Exposure was made by slowly 165 pouring the substance on the water from the top. Animals were then left undisturbed as filming 166 continued for 6 min; this was termed "alarm reaction". The animal was then transferred to a tank 167 with 500 mL mineral water for a 1 min "washout" period, to remove potential residues from the 168 alarm substance. After this period, the animal was transferred to a 5 L tank (A cm X 24 cm X 22 169 cm, w X l X h) and freely explored for 6 min, during which its behavior was recorded; this was 170 termed "post-exposure behavior" (Figure 2A ). Tanks for both stages were differently shaped to 171 increase the novelty of the second environment, a variable that is important to induce an anxiety-172 like "diving" response in animals not exposed to CAS (Bencan et al. 2009 ). Light levels above the 173 tanks were measured using a handheld light meter, and ranged from 251 to 280 lumens (coefficient 174 of variation = 3.399% between subjects) In all experiments, the following variables were recorded: 175 TheRealFishTracker v. 0.4.0 (http://www.dgp.toronto.edu/~mccrae/projects/FishTracker/), running 183 on a Windows platform. Animals were randomly allocated to groups using a random number 184 generator (http://www.jerrydallal.com/random/random_block_size_r.htm), with each subject 185 9/33 randomized to a single treatment using random permuted blocks. One PI attributed a random letter 186 to treatment (e.g., "A" for CTRL, "B" for CAS) and a random integer for drug dose (e.g., "1" for 1 187 mg/kg, "2" for 0 mg/kg [vehicle]), and combinations for letters and integers were randomized. For 188 each experiment, animals were treated and tested in the order of allocation (i.e., randomly). In all 189 experiments, experimenters and data analysts were blinded to drugs and treatment by using coded 190 vials (with the same code used for randomization); blinding was removed only after data analysis. 191
Experiments were always run between 08:00AM and 02:00 PM. After experiments, animals were 192 sacrificed by prolonged bath in ice-cold water (< 12 ºC), followed by spinal transection (Matthews 193 and Varga 2011). as main endpoint; values were removed when they were higher or lower than 3 MADs around the 251 median (Leys et al. 2013) , and the number of outliers was reported in the results. Differences 252 between groups were analyzed using two-way analyses of variance (ANOVAs) with robust 253 estimators on Huber's M-estimators, using the R package 'rcompanion' (Mangiafico 2017; 254 https://cran.r-project.org/package=rcompanion). Normality was not assumed, and thus no specific 255 test for normality was performed; however, this type of analysis is resistant to deviations from the 256 assumptions of the traditional ordinary-least-squares ANOVA, and are robust to outliers, thus being 257 insensitive to distributional assumptions (such as normality) (Huber 1981) . Behavioral variables 258 were included as outcomes, with treatment and drug used as independent variables; interaction 259 12/33 between IVs was assessed as the most important predictor. P-values were adjusted for the false 260 discovery rate. 261 262 2.6. Experiment 5: Effects of CAS on monoamine oxidase activity The reaction started by adding 110 µM kynuramine hydrobromide in a final volume of 700 µL, and 277 was stopped 30 min later with 300 µL 10% trichloroacetic acid. Reaction products were further 278 centrifuged at 16.000 x g for 5 min and supernatants (800 µL) were mixed with 1M NaOH (1 mL registration we proposed to also analyze melanophore responses to CAS; this data will appear in a 301 separate paper, on behavioral and physiological aspects of the alarm reaction, and the data is 302 available at a GitHub repository (https://github.com/lanec-unifesspa/5-HT-303 CAS/tree/master/data/melanophore). Finally, the following doses were changed from pre-304 registration: clonazepam was reduced to 0.05 mg/kg, to avoid unwanted sedation; a second dose of 305 fluoxetine was added to approach the range in which fluoxetine blocks fear conditioning at a high 306 shock intensity (Santos et al. 2006 ). Due to a problem with solubility, the pCPA dose was reduced 307 to 150 mg/kg, a dose that has been shown to reduce serotonin levels in the rat brain by about 50%, 308 and to block the release of 5-HT elicited by electrical stimulation of the raphe (Curzon et al. 1978 One outlier was removed from the group in which animals were exposed to CAS and 313 injected with vehicle; and one outlier was removed from the group in which were exposed to water 314 and injected with vehicle in Experiment 1. During CAS exposure, significant effects of treatment (p 315 = 0.0006), dose (p = 0.0044, and interaction (p = 0.0006) were found for time on top ( Figure 3A) ; 316 post-hoc tests suggested that CAS decreased time on top (adjusted p = 3.91·10 -5 ), and CLZ blocked 317 this effect. Significant effects of treatment (p = 0.0466), dose (p = 0.0002), and interaction (p < 318 0.0001) were found for time on bottom ( Figure 3B) ; CAS increased time on bottom (adjusted p 319 =9.44·10 -6 ), and CLZ blocked this effect. Main effects of treatment (p = 0.0004) and dose (p = 320 0.00038), as well as an interaction effect (p = 0.00042), were found for absolute turn angle (Figure 321 3C); CAS increased absolute turn angle (adjusted p = 0.00033), and CLZ blocked this effect. Main 322 effects of treatment (p = 0.00028) and dose (p = 0.0031), as well as an interaction effect (p = 323 0.0021), were found for freezing ( Figure 3D ); again, CAS increased freezing (adjusted p = 1.26·10 -324 6 ), and CLZ blocked this effect. Main effects were found for treatment (p = 0.04) and dose (p = 325 0.02) for speed; however, post-hoc tests failed to uncover differences between groups ( Figure 3E ). 326
After CAS exposure, significant main effects of treatment (p = 0.0041) and dose (p = 327 0.0023), as well as an interaction effect (p = 0.0021), were found for time on top ( Figure 4A) ; CAS 328 decreased time on top (adjusted p = 1.07·10 -5 ), and CLZ partially blocked this effect. Main effects 329 of treatment (p = 2·10 -4 ) and dose (p = 2.1·10 -4 ), as well as an interaction effect (p = 0.0044), were 330 found for time on bottom ( Figure 4B) , and post-hoc tests suggested that CAS increased time on 331 bottom (p = 0.0009) while CLZ blocked this effect. No main effects (p > 0.2), nor an interaction 332 effect (p = 0.4) were found for absolute turn angle ( Figure 4C) . A main effect of treatment (p = 333 2.1·10 -4 ) and drug (p = 2.1·10 -4 ), as well as an interaction effect (p = 2.3·10 -4 ), were found for 334 15/33 freezing ( Figure 4D ); CAS increased freezing (adjusted p = 0.0009), and CLZ blocked this effect. 335
No main effects were found for swimming speed (p > 0.08), nor were interaction effects found (p > 336 0.3) ( Figure 4E ). 337 338 3.2. Experiment 2 339 One outlier was removed from the group exposed to CAS and treated with 2.5 mg/kg 340 fluoxetine. During CAS exposure, significant effects of treatment (p = 0.0458), dose (p < 0.0001), 341 and interaction (p < 0.0001) were found for time on top. Fluoxetine alone increased time on top at 342 2.5 mg/kg (adjusted p = 3.218·10 -5 vs. control), CAS decreased it (adjusted p =0.01132), and 343 fluoxetine blocked the effect of CAS at both doses ( Figure 5A ). Main effects of treatment (p = 344 0.004) and dose (p < 0.0001), but no interaction (p =0.6152), were found for time on bottom (Figure 345 5B); CAS increased time on bottom (adjusted p < 0.0236), fluoxetine decreased it at both doses 346 (adjusted p < 0.01), and fluoxetine blocked the effect of CAS at the highest dose. A main effect of 347 treatment (p = 0.0436), but not dose (p = 0.1102) nor interaction (p = 0.1148), was found for 348 absolute turn angle ( Figure 5C ); post-hoc tests suggested that CAS increased absolute turn angle 349 (adjusted p = 0.0061 vs. control), and fluoxetine partially (2.5 mg/kg) or fully (25 mg/kg) blocked 350 this effect. A main effect of treatment (p < 0.0001) and dose (p = 0.0004), as well as an interaction 351 effect (p = 0.00002), were found for freezing ( Figure 5D ); CAS increased freezing (adjusted p = 352 0.0058), and both doses partially blocked this effect. Finally, no effect was found on swimming 353 speed (p > 0.39; Figure 5E ). 354
Significant effects of treatment (p = 0.0072) and interaction (p = 0.0196) were found for 355 time on top after exposure ( Figure 6A ). Post-hoc pairwise permutation tests found a difference 356 between control and CAS-exposed animals (adjusted p = 1.194 · 10 -5 ), an effect that was not 357 blocked by fluoxetine. Similarly, main effects of treatment (p = 0.0002), but not a drug (p = 0.2914) 358
nor an interaction effect (p = 0.5878) were found for time on bottom ( Figure 6B) , with a significant 359 16/33 increase in CAS-exposed animals (all adjusted p < 0.001). No effects were found for erratic 360 swimming (p > 0.7; Figure 6C ). Significant treatment (p < 0.0001), dose (p = 0.025), and 361 interaction effects (p = 0.0014), were found for freezing ( Figure 6D) , with CAS increasing freezing 362 at all drug treatments, and the highest fluoxetine dose potentiating this effect. No effects were found 363 for swimming speed (p > 0.24; Figure 6E ). 364 365 3.3 Experiment 3 366 One outlier was removed from the group exposed to water and treated with vehicle. During 367 CAS exposure, significant effects of treatment (p < 0.0001), but not metergoline (p = 0.6682) or 368 interaction (p = 0.5162), were found for time on top ( Figure 7A ); post-hoc comparisons suggested 369 that CAS decreased time on top (adjusted p = 1.977 · 10 -6 ), but metergoline did not block effect. 370
Significant effects of treatment (p = 0.0432), but not metergoline (p = 0.9518) nor interaction (p = 371 0.4174) were found for time on bottom ( Figure 7B) , with CAS increasing time on bottom (adjusted 372 p = 0.01472) and no effect of metergoline. Significant effects of treatment (p = 0.0002), but not 373 metergoline (p = 0.6496) nor interaction (p = 0.1814), were found for absolute turn angle ( Figure  374 7C), with CAS increasing absolute turn angle (adjusted p = 0.02627) and metergoline having no 375 effect. Significant effects of treatment (p < 0.0001), but not metergoline (p = 0.462) nor interaction 376 (p = 0.1922), were found for freezing ( Figure 7D ); post-hoc tests found significant differences 377 between CAS-exposed animals and controls treated with vehicle (adjusted p = 0.02073), but 378 metergoline did not block the effects of CAS on freezing. No effects of treatment (p = , metergoline, 379 and interaction (all p > 0.1) were found for swimming speed ( Figure 7E ). 380
After CAS exposure, no main nor interaction effects were found for time on top (all p > 381 0.13; Figure 8A ). A dose (p = 0.0156) and an interaction (p = 0.047) effects were found for time on 382 bottom, but a treatment effect was not found (p = 0.827); CAS increased time on bottom (adjusted p 383 = 0.0292), an effect that was decreased by metergoline ( Figure 8B ). No main nor interaction effects 384 17/33 were found for absolute turn angle (p > 0.33; Figure 8C ). A main effect of treatment (p = 0.0036), 385 but not drug (p = 0.4182), nor interaction (p = 0.1508), was found for freezing ( Figure 8D) ; CAS 386 increased freezing (adjusted p = 0.0075), and metergoline partially blocked this effect. No main 387 effects were found for swimming speed (p > 0.27), but an interaction effect was found (p = 0.026); 388 however, post-hoc tests failed to find significant differences between groups ( Figure 8E) . 389 390
Experiment 4 391
Three outliers were removed from the group exposed to water and treated with vehicle, two 392 from the group exposed to water and treated with pCPA, one from the group exposed to CAS and 393 treated with vehicle, and two from the group exposed to CAS and treated with pCPA. During CAS 394 exposure, a main effect of treatment (p < 0.0001), but no drug (p = 0.801) nor interaction effects (p 395 = 0.5386) were found for time on top ( Figure 9A ); CAS decreased time on top on both vehicle-and 396 pCPA-injected animals (both ajusted p > 0.0025). Likewise, a main effect of treatment (p = 0.0022), 397 but no drug (p = 0.6496) nor an interaction effects (p = 0.1166), were found for time on bottom 398 ( Figure 9B) ; CAS increased time on bottom on both vehicle-and pCPA-injected animals (both 399 adjusted p = 0.05). A main effect of treatment (p = 0.0002), but not an effect of drug (p = 0.8162) 400 nor interaction (p = 0.5612), was found for absolute turn angle ( Figure 9C ); CAS increased absolute 401 turn angle on both vehicle-and pCPA-injected animals (both adjusted p < 0.002). A main effect of 402 treatment (p < 0.0001), but not an effect of drug (p = 0.6822) nor interaction (p = 0.4156), was 403 found for freezing ( Figure 9D ); CAS increased freezing on both vehicle-and pCPA-injected 404 animals (both adjusted p < 0.018). No main or interaction effects were found for speed (all p > 0.11; 405 Figure 9E ). 406
After CAS exposure, no main (all p > 0.08) or interaction (p = 0.1472) effects were found 407 for time on top ( Figure 10A) . A main effect of drug (p < 0.0001), but not of treatment (p = 0.4514), 408
nor an interaction effect (p = 0.5436), was found for time on bottom ( Figure 10B ); pCPA decreased 409 18/33 time on bottom at both controls and CAS-exposed animals (all adjusted p < 0.001). No main (all p 410 > 0.3) nor interaction (p = 0.6958) effects were found for absolute turn angle ( Figure 10C) . A main 411 effect of treatment (p = 0.0108), but not drug (p = 0.1892) nor interaction (p = 0.2576), was found 412 for freezing ( Figure 10D) ; CAS increased freezing (adjusted p = 0.02278), an effect that was 413 blocked by pCPA (ajusted p = 0.01453). No main (all p > 0.19) nor interaction (p = 0.0954) effects 414 were found for swimming speed (Figure 10E) . 415 416
Experiment 5 417
No outliers were removed. After CAS exposure, zMAO activity was reduced in the brain (Z 418 = 3.205, p = 0.00135; Figure 11 ). 419 420
Discussion
421
The present work attempted to clarify the role of phasic and tonic serotonin in the alarm 422 reaction of zebrafish during (fear-like behavior) and after (recovery) exposure. We found that 423 clonazepam decreased fear-like behavior, as well as post-exposure behavior, suggesting a good 424 predictive validity of the assay. Moreover, acute fluoxetine decreased fear-like behavior at the 425 highest dose, but increased freezing post-exposure. Metergoline had no effect on fear-like behavior, 426 but blocked the effects of conspecific alarm substance (CAS) on post-exposure behavior; similar 427 effects were observed with pCPA. Finally, CAS was shown to decrease the activity of monoamine 428 oxidase in the zebrafish brain after exposure. 429 and sympathoexcitatory responses to these stimuli, and is mediated by serotonergic signaling. The 479 theory proposes a "dual role" for serotonin, increasing anxiety-like responses and inhibiting fear-480 like responses. A similar mechanism has been proposed for zebrafish based on data regarding 481 serotonergic drugs in anxiety-like behavior . We propose that, at 482 least in zebrafish, phasic serotonin does not physiologically inhibits fear responses; instead, the 483 21/33 inhibitory role of serotonin in fear functions as a "neurobehavioral switch": as the threatening 484 stimulus ceases, serotonin is released, inhibiting the fear reactions that are now non-adaptive, and 485 initiating careful exploration and risk assessment responses to ensure that the threat is actually over 486 ( Figure 11 ). This is consistent with expectancy value theories, in which serotonin signals represent 487 the expectation of risk/threatening outcomes (aversive expectation values), from which appropriate 488 behavioral strategies can be selected (Amo et al. 2014; Cools et al. 2011) . 489
A role for the serotonin transporter has also been proposed for the selection of behavior at 490 different levels of a threat imminence continuum: animals with lower expression of the transporter 491 are more cautious and readily show defensive responses under distal threat, while animals with high 492 expression show more defensive responses under proximal threat (Kroes et al. 2019) . While the 493 expression levels of the serotonin transporter are more associated with controlling serotonergic 494 tone, this protein has been also shown to mediate the increases in serotonin levels after CAS 495 exposure in zebrafish ), suggesting a participation also in phasic signals. 496
Whether serotonin transporter expression levels are associated with the alarm reaction and/or post-497 exposure behavior in zebrafish is still unknown. 498 499
Is there a tonic inhibition of fear-like responses in zebrafish?
500
The hypothesis that serotonin functions as a "neurobehavioral switch" signal in zebrafish 501 aversive behavior would be strengthened if decreasing the effects of serotonin on its receptors 502 inhibited post-exposure behavior. Indeed, metergoline, which non-specifically blocks 5-HT 1 , 5-HT 2 , 503 and 5-HT 7 receptors, had no effect on the alarm reaction, but blocked the post-exposure effects of 504 CAS on bottom-dwelling and homebase use; no effect was observed during exposure, suggesting 505 in the initial moments of exposure and in a "recovery period"; however, during the recovery period 508 22/33 animals were still exposed to CAS, the doses which produced effect in Nathan et al. (2015) were 509 higher than reported in other experiments with zebrafish (Maximino et al. 2013) , and important 510 controls were lacking, making comparison of results difficult. 511
Further support for this hypothesis is lent by sophisticated experiments made by Amo et al. 512 (2014) using the serotonergic neurotoxin 5,7-DHT. Injection of this neurotoxin in the telencephalon 513 destroyed most serotonergic fibers projecting to it, and led to an inability to learn an active 514 avoidance contingency (Amo et al. 2014 ), suggesting that serotonergic signaling in the 515 telencephalon represents an aversive expectation value. Amo et al. (2014) demonstrated that this 516 circuitry is under the control of projections from the ventral habenula which are not necessary for 517 classical fear conditioning. This suggests that this habenula-raphe-telencephalon pathways do not 518 simply process a fear response, but instead represents expectations values that can be used to inhibit 519 fear when threat is no longer present. 520 A caveat of the results from metergoline and pCPA experiments is that these drugs also 521 affect other neurotransmitter systems. Metergoline also acts as a non-selective dopamine receptor 522 antagonist (https://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:64216); although its affinity 523 for 5-HT 2 receptors is ~25 times higher than for the dopamine D 2 receptor, the affinity for 5-HT 1 524 receptors is comparable to D 2 receptors (Dukhovich et al. 2004) . While pCPA has been reported to 525 produce a selective effect on serotonin levels in zebrafish (Sallinen et al. 2009 ), not altering levels 526 of catecholamines, at the moment we cannot discard the possibility that the treatment used in the 527 present article were not due to changes in these systems. We cannot discard, then, the participation 528 of catecholamines along with serotonin in the effects of these drugs on post-exposure behavior. 529
In addition to the effects of the manipulations of the serotonergic system on post-exposure 530 behavior, zMAO activity has been shown to be decreased after CAS exposure, which would 531 increase serotonin levels at this moment. Previously, CAS has been shown to increase 5-HT levels 532 in the extracellular fluid of the zebrafish brain 20 min after CAS stress , and 533 23/33 repeated (7 day) exposure to CAS decreases the mRNA levels of the serotonergic genes pet1 and 534 slc6a4a (serotonin transporter) (Ogawa et al. 2014 ). These results suggest that CAS increases 535 serotonergic activity after the stimulus is no longer present, but it is not known whether CAS does 536 so during exposure. 537 Data are presented as individual data points (dots) superimposed over the median ± interquartile 814 ranges. CTRL = controls (water-exposed animals); CAS = conspecific alarm substance. Final 815 sample sizes: CTRL: n = 10 animals; CAS: n = 10 animals. 816 817 Figure 12 -Hypothetical mechanism of the serotonergic signaling in zebrafish defensive 818 behavior during and after exposure to conspecific alarm substance. CAS elicits responses 819 dominated by erratic swimming, which decreases as the substance's concentrations decline. After 820 CAS exposure, the behavioral response is dominated by freezing. Serotonin shifts responding from 821 the first to the second (represented by the purple arrow, as well as by the arrows connecting the 822
